FK 506-binding proteins (FKBPs) are a family of cytosolic proteins identi®ed by virtue of their ability to bind the immunosuppressants FK 506 and rapamycin. While their function has been extensively studied in the immune system, little is known about their role during early embryonic development. Here we describe the cloning and expression of a new Xenopus FKBP (xFKBP). xFKBP encodes a 63-kDa protein that shares high sequence homology with mouse FKBP65. It is expressed maternally and becomes restricted after the gastrula stage to dorsal mesoderm and notochord. At the tailbud stage expression persists in the notochord and begins to accumulate in epidermis, branchial arches and developing somites. In adults, xFKBP mRNA is con®ned to the testis. q 2000 Elsevier Science Ireland Ltd. All rights reserved.
Results
Immunophilins are a family of receptor proteins for the immunosuppressant drugs cyclosporin, FK 506 and rapamycin. FK 506-binding proteins (FKBPs) constitute a subclass of immunophilins identi®ed based on their ability to bind FK 506 and rapamycin (Schreiber, 1991) . When complexed with FK 506, FKBP binds the phosphatase calcineurin and inhibits its function in mediating T-cell activation. When complexed with rapamycin, FKBP binds to the serine kinase FRAP/RAFT1 and inhibits mitogenic response (Schreiber, 1991) . Most FKBPs are ubiquitously expressed and are believed to interact with a wide range of signal transduction pathways (Snyder and Sabatini, 1995) . With the exception of FKBP12 and cFKBP/SMAP, that have been shown to be critical for heart function in mice (Shou et al., 1998) and smooth muscle differentiation in the chick embryo (Fukuda et al., 1998) , respectively, little is known about the function of this class of molecules during early embryonic development.
By screening a stage 15 cDNA library for homologs of mouse FKBP65 (mFKBP65) and cFKBP/SMAP, we isolated a new Xenopus FKBP (xFKBP). This xFKBP cDNA encompasses an open reading frame encoding 564 amino acids ( Fig. 1) with a predicted molecular weight of 63-kDa. At the amino acid level, xFKBP shares 68% identity with mFKBP65 (Coss et al., 1995) , 59% identity when compared to both cFKBP/SMAP (Fukuda et al., 1998) and mFKBP60 (Shadidy et al., 1999) , and 35% identity when compared to Xenopus FKBP12 (Nishinakamura et al., 1997) . xFKBP contains four PPIase (peptidylpropyl cistrans isomerase) domains, signature motifs for this class of molecule (Fig. 1) .
To determine the temporal expression of xFKBP, we performed Northern hybridization of embryonic RNA at different stages of development ( Fig. 2A) . While xFKBP is expressed maternally at low levels, strong expression is detected from the late gastrula/early neurula stages (stage 13) through tadpole stages (stage 41), in the form of a major 3.2 kb transcript. Northern hybridization of adult organs (Fig. 2B ) reveals abundant xFKBP transcripts in the testis. A testis-speci®c expression was also reported for mFKBP65 (Coss et al., 1995) and cFKBP/SMAP (Fukuda et al., 1998) . Nevertheless, xFKBP is not detected in adult (Fig. 2B) or embryonic (not shown) smooth muscle-containing tissues in contrast to cFKBP/SMAP (Fukuda et al., 1998) .
The spatial expression pattern of xFKBP was analyzed by in situ hybridization (Fig. 3) . Whole-mount analysis indicates an enrichment of xFKBP in the mesodermal layer of the dorsal blastopore of early gastrula stage embryos ( (Fig. 3G) . At stage 30 (Fig. 3H,I ) xFKBP is also detected in the epidermis and in the branchial arches, but is noticeably absent from the cement gland. In the tadpole (stage 35, the oldest stage examined) the expression of xFKBP remains high in the notochord, somites, epidermis (Fig. 3K,L) and in the mesenchymal component of the branchial arches (Fig. 3M) . Tissue sections of stage 13 (Fig. 3D ) and stage 30 (Fig. 3J ) embryos highlight the notochord and the hypochord expression of xFKBP. xFKBP is also detected in the sensory layer of the epidermis and in the prospective dermomyotome at the tailbud stage (Fig. 3J) .
To further document the early expression of xFKBP in the dorsal blastopore, marginal zone explants from early gastrula embryos were dissected (Fig. 4A) , cultured in isolation and analyzed by Northern hybridization (Fig. 4B) . xFKBP is predominantly detected in dorsal marginal zone (DMZ) explants and parallels expression of the dorsal mesoderm speci®c gene, gsc. Embryos devoid of DMZ (2DMZ) express the ventrolateral mesoderm gene Xpo, but show reduced levels of xFKBP. This result is consistent with the accumulation of xFKBP transcripts in the dorsal mesoderm, precursor of the notochord.
Methods

Isolation of xFKBP
Xenopus FKBP was ampli®ed by PCR using degenerate primers (upstream primer 5
H ) based on the sequence of mFKBP65 (Coss et al., 1995) and cFKBP/SMAP (Fukuda et al., 1998) . PCR conditions were: 1 min at 948C, 1 min at 428C, 1 min at 728C for 30 cycles. The PCR product was ligated into pGEMTeasy vector (Promega) and sequenced, Fig. 1 . Sequence and structure of Xenopus FKBP (xFKBP). Deduced amino acid sequences from xFKBP, mouse FKBP65 (mFKBP65), chicken FKBP (cFKBP/SMAP) and mouse FKBP60 (mFKBP60) were aligned using MacVector 6.0. Identical and similar amino acids are in black and shaded boxes, respectively. The four PPIase domains are underlined. xFKBP sequence has been deposited into the GenBank under the accession number: AF232672.
and was subsequently used to screen a stage 15 cDNA library (gift from Michael King). The corresponding fulllength cDNA was sequenced on both strands using an automated ABIPrism 373 sequencer. This clone contains 19-bp of 5
H UTR and 735-bp of 3 H UTR.
Northern analysis
RNA extraction, electrophoresis and blotting was performed as described (Taira et al., 1994) . For hybridization probes, Xenopus gsc (Cho et al., 1991) , Xbra (Smith et al., 1991) , EF-1a (Krieg et al., 1989) and Xpo (Sato and Sargent, 1991) cDNAs were synthesized using a DNA labeling kit (a-dCTP) from Pharmacia (Ready-To-Go). Filters were analyzed by autoradiography.
In situ hybridization
Approximately 630-bp of the 3 H UTR of xFKBP was subcloned into pGEMT and used as template to generate Nieuwkoop and Faber (1967) . (B) Tissue distribution of xFKBP mRNA in adult Xenopus. Ethidium bromide-stained rRNA panels are shown as loading control.
sense and antisense FITC labeled probes (Roche). Wholemount in situ hybridization was performed on albino embryos as previously described (Harland, 1991) . For histology, stained embryos were embedded into paraplast and 12 mm sections cut on a rotary microtome.
Embryo dissection
Embryos were staged according to Nieuwkoop and Faber (1967) . The dorsal marginal zones (DMZ) from early gastrula stage embryos (stage 10) were dissected and cultured in isolation until equivalent stage 14. RNA from dissected DMZ, embryos devoid of DMZ (2DMZ) and intact sibling embryos was extracted and analyzed by Northern hybridization.
